SPE RESPONSE FOR CERTIFIC ATE OF CQRRFCTIOM 



Paper No.: 



DATE : 3/18/2005 
TO SPE OF : ART UNIT 2800 

SUBJECT : Request for Certificate of Correction on Patent No.: 6.811.274 

A response is requested with respect to the accompanying request for a certificate of con-ection. 

Please complete this form and return with file, within 7 days to: 
Certificates of Correction Branch - PK 3-922 
Palm location 7580 - Tel. No. 305-8309 

With respect to the change(s) requested, correcting Office and/or Applicant's errors, should the 
patent read as shown in the certificate of correction? No new matter should be introduced, nor should the 
scope or meaning of the claims be changed. 




Ernest C. White. LIE305-8339 
Certificates of Correction Branch 



The request for issuing the above-identified correction(s) is hereby: 



Note your decision on the appropriate box. 




All changes apply. 



Approved in Part 



Specify below which changes do not apply. 



Denied 



State the reasons for denial below. 



Comments: 



Sandra O'Shea 




PTOL-306 (REV. 7/03) 



\J.&. b&MitmW 6P COMtMgRCg Patent and Yrademark Office 



PTO/SB/44 (04-04) 
Approved ror use through 04/3(^)7. 0MB 0651-0033 
U.S. Patcflt and Ttademarti Oflice: U^. OEPARTMErfT OF COMMERCE 
Under the PaperwDrtt ReducUon Act of 1995. no persons are required to respond to a ooOeotion of information unless U displays a vaSd 0MB oontrpi nuiiter. 
' ■ (AlsoFoanPTO-10501 



UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

PATENT NO. : 6.81 1.274 B2 

DATED : November 2, 2004 

iNVENTOR{S) : Eugene Olczak 

It is certified that errors appear in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 

(56) References Cited: 



Other Publications, insert - A. Tagaya. Y, Koike. "Highly Scattering Optical Transmission Polymers for 
Bright display". Pages 1 163-1 164. 

S.G. Saxe, Solar Energy Materials, Prismatic Film Light Guides: Perfomriance and Recent Developments 
Vol. 19. No. 95-109. North-Holland, Amsterdam. Pages 95-109 

(57) Abstract: 



Line 3, after "thickness of delete " X/4/h'' and insert therefor - }J4/r\ - 
Column 1: 

Line 42, after "thickness of delete "X/4/. and insert therefor - X/4/n - 
Line 65, after *1hickness of delete and therefor -X/4/n - 
Column 4: 

Line 62. after "(1 +2xjr delete "Xy4/." and insert therefor - X/4/n - 
Column 5: 

Line 4. after "of delete "X/4/n5" and insert therefor - X/4/.n5 - 
Column 8: 

Line 17, after "refractive index** delete "n 3" and insert therefor - na 

Line 21 . after "Oi= a>2= O and'' delete "4'i=T2*." and insert therefor ~ ^1= ^2= 

Line 50. after "angle" delete *W and insert therefor - o) - 

Column 9: 

Line 34. after "of delete "X/4/;' and insert therefor - X/4/n - 



MAILING ADDRESS OF SENDER: PATENT NO. 6.81, 1.274 82 

Cantor Colburn LLP No. of addMonal copies 

55 GrifTin Road South 
Bloomfield CT 06002 

This collection of Information is required by 37 CFR 1.322, 1.323. and 1.324. The mfofmatton is required to obtain or retain a benefit by the public which is 
to file (and by the USPTO to process) an appficaUon. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 
1 0 hour to complete, including Gathering, preparing, and submitting the oompteled appBcation form to the USPTO. Time will vary depending upon the 
individual case. Any comments on (he amount of time you require to complete this form and/or suggestions fof reducing this burden, should be sent to the 
CWef Information Officer. U.S. Patent and Trademark Office, U.S. Department of Commerce. P.O. Box 14S0. Alexandria. VA 22313-1450. DO NOT SEND 
FEES OR COMPt^ETEO FORMS TO THIS ADDRESS. SEND TO: Attention Certificate of CorrecUons Branch, Commissioner for Patents, P.O. Box 
1450. Alexandria. VA 22313*1450. 

tfyw need assistance in completing this form, caB 1-BOO-PTO-9}99 and select option 2. 



\i9 m 




. GEC-0023 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



*"^5!r*3^^tent Number 
' Issued: 



6,811,274 B2 

November 2, 2004 ^ 

Name of Patentee: Eugene Olczak 

Title of Invention: Polarization Sensitive Optical Substrate 

REQUEST FOR CERXmCATE OF CORRECTION OF PATENT 
FOR PTO MISTAKE (37 C.F.R. § 1.322(a)) 



Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

ATTENTION: 



Cert\f»cate 
JAN 1 8 



Decision and Certificate of Correction rtion 
Branch of the Patent Issue Division of Cor^©^^'" 



Sir: 

It is noted that an error appears in this patent of a typographical nature or character, as 
more fully described below. The mistake incurred through the fault of the Patent and Trademark 
Office. Correction thereof does not involve such changes in the patent as would constitute new 
matter or would require re-examination. A certificate of correction is requested. 

Attached hereto, in duplicate, is Form PTO-1050, with at least one copy being suitable for 
printing. 



I certify that this correspondence is being deposited with the United 
Slates Postal Service as first class nail in an envelope addressed to: 
Cohmtissioner for Patents. P.O. Box M50, AleMndria, VA 22313- 
1450 on 

January 4. 2005 

(Date of Deposit) 

MaTHM9lPTri« 

(Name of Person Mailing Paper) 

Signature Date 



t9 JAN 2005 



The errors appear in the body of the patent: (57) abstract, line 3; (56) References cited; 
column 1, line 42, and line 65; column 4, line 62; column 5, line 4; column 8, line 17, line 21, 
and line 50; and column 9, line 34. 

Please send the Certificate of Correction to: 
Cantor Colbum LLP 
55 Griffin Road South 
Bloomfield, Connecticut 06002 

Patentees believe that no fee is due; however, if there are any additional charges with 
respect to this request or otherwise, please charge them to Deposit Account No. 06-1 130 
maintained by Patentees' attorneys. 

Respectfully submitted. 



CANTOR COLBURN LLP 




Registration No. 38,807 
55 Griffin Road South 
Bloomfield, Connecticut 06002 
Telephone: (860) 286-2929 
Customer No.: 023413 

Date: January 4, 2005 



2 



1 9 JAM 2005 



(12) United States Patent 

Olczak 



US006811274B2 

(10) Patent No.: US 6,811,274 B2 
(45) Date of Patent: Nov. 2, 2004 



(54) POLARIZATION SENSITIVE OPTICAL 
SUBSTRATE 

(75) Inventor: Eugene Olczak, Glenville, NY (US) 

(73) Assignee: General Electric Company, 

Schenectady, NY (US) 

( * ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 103 days. 

(21) Appl. No.: 10/065,957 

(22) Filed: Dec. 4, 2002 

(65) Prior Publication Data 

US 2004/0109303 Al Jun. 10, 2004 

(51) Int. CV F21V 7/04 

(52) U.S. CI, 362/31; 362/26; 362/551; 

362/556; 362/558; 362/520; 362/561; 362/511; 

362/583; 362/593; 359/487 

(58) Field of Search 362/19, 26, 31, 

362/551, 556, 558, 561, 511, 520, 560, 
583, 293; 349/96; 359/487 

(56) References Cited 

U.S. PATENT DOCUMENTS 

467,208 A 1/1892 Strobel 

2,403,731 A 7/1946 MacNeille 88/65 

4,542,449 A 9/1985 Whitehead 362/330 

4,576,850 A 3/1986 Martens 428/156 

4,906,070 A 3/1990 Cobb, Jr 350/286 

4,984,144 A 1/1991 Cobb, Jr. et al 362/339 

5,056,892 A 10/1991 Cobb, Jr 359/831 

5,771,328 A 6/1998 Wortman et al 385/146 

5,861,990 A 1/1999 Tedesco 359/599 

5,917,664 A 6/1999 O^NeUl et al : 359/831 

5,919,551 A 7/1999 Cobb, Jr. et al 428/156 

5,982,540 A * 11/1999 Koike et al 359/487 

6,002,829 A 12/1999 Winston et al 385/146 

6,044,196 A 3/2000 Winston et al 385/146 

6,052,164 A 4/2000 Cobb, Jr. et al. .; 349/64 

6,091,547 A 7/2000 Gardiner et al 359/625 



6,108,131 A a/2000 Hansen et al 359/486 

6,208,463 Bl 3/2001 Hansen et al 359/486 

6,243,068 Bl 6/2001 Evanicky et al 345/102 

6,277,471 Bl a/2001 Tang 428/172 

6,280,063 Bl 8/2001 Fong et al 362/333 

6,322,236 Bl 11/2001 Campbell et al 362/333 

6,335,999 Bl 1/2002 Winston et al 385/146 

6,354,709 Bl 3/2002 Campbell et al 362/31 

6,356,391 Bl 3/2002 Gardiner et al 359/628 

(List continued on next page.) 

FOREIGN PATENT DOCUMENTS 

WO wo 98/33006 7/1998 

WO WO 99/42861 8/1999 

WO WO 99/59005 11/1999 

WO WO 99/63397 12/1999 

WO WO 01/27527 4/2001 

WO WO 01/27663 4/2001 

WO WO 01/79923 10/2001 

OTHER PUBLICATIONS 

David J. Whitehouse, Handbook of Surface Metrology, lOP 
Publishing Ud.: 1994, pp. 49-58. 

Max Levy Autograph, Inc. MLA4000 Series Ultra Precision 
Micro Machining^Contouring System, Bulletin 2050, 
Advertisement. 

3M Innovation, 3M Brightness Enhancement Film (III) 
Advertisement. 

Backlight Optics, pp. F-2/37-F-2/44. 

Machine Design, "Plastic Film Reflects Around the Comer", 

p. 52, Augsut 1997. 

Primary Examiner — Stephen Husar 

Assistant Examiner — Berlrand Zeaade 

(74) Attorney, Agent, or Firm — Cantor Colbura LLP 

(57) ABSTRACT 

A polarization sensitive optical substrate comprises a planar 
surface and a first thin film applied to the planar siirface. The 
first film has a thickness of X/4/h, where X is the wavelength 
of light incident upon the first film and n is the refractive 
index of the first film. A prismatic surface is optionally also 
thin film coated, and is in opposition to the planar surface. 

47 Claims^ 15 Drawing Sheets 




-108 



6/27/05, EAST Version: 2.0.1.4 



us 6,811,274 B2 

Page 2 



U.S. PATENT DOCUMENTS 

6,456,437 Bl 9/2002 Lea et al. 359/625 

6,535,337 Bl ♦ 3/2003 Tanaka et al 359/599 

6,607,279 82 ♦ 8/2003 Niida et al 362/26 

6,631,031 B2 ♦ 10/2003 Lee et al 359/487 



2002/0061178 Al 
2002/0080598 Al 
2002/0097496 Al 
2002/0101659 Al 

* cited by examiner 



5/2002 Winston et al 385/133 

6/2002 Parker et al 362/31 

7/2002 Lu 359/628 

8/2002 Hansen et al 359/486 



6/27/05, EAST Version: 2.0.1.4 



U.S. Patent Nov. 2, 2004 sheet 1 of 15 



US 6,811,274 B2 



FIG. 1 




6/27/05. EAST Version: 2.0.1.4 



U.S. Patent Nov, 2, 2004 sheet 2 of 15 US 6,811,274 



FIG. 2 




6/27/05, EAST Version: 2.0,1.4 



U.S. Patent Nov. 2, 2004 sheet 3 of 15 



US 6,811,274 B2 



FIG. 3 




6/27/05, EAST Versionij 2.0. 1 .4 



U.S. Patent 



Nov. 2, 2004 Sheet 4 of 15 US 6,811,274 B2 



g 

i/i 

CO 
CO 



CO 
LU 



FIG. 4 




0.00000 45.00000 90.00000 

INCIDENT ANGLE IN DEGREES 



FIG. 5 




6/27/05, EAST Version:,2.0.1 .4 

t 



U.S. Patent 



Nov. 2, 2004 Sheet 5 of 15 US 6,811,274 



FIG. 6 



g 

CO 
CO 

CO 



CO 



1.00 
0.90- 

0.80- 
0.70- 
0.60- 
0.50- 
0.40 - 
0.30- 
0.20- 
0.10- 
0.00- 




—r 1 1 I 1 1 ~ I I 

0.00000 45.00000 90.00000 

INCIDENT ANGLE IN DEGREES 



FIG. 7 



CO 
CO 



CO 



CO 




'316 



1 r 



.00000 45.00000 

INCIDENT ANGLE IN DEGREES 



90.00000 



6/27/05. EAST Version: 2.0.1.4 



U.S. Patent 



Nov. 2, 2004 



Sheet 6 of 15 



US 6,811,274 B2 



FIG. 8 



CO 
CO 



CO 

i 

CO 

z 

UJ 




T 1 1 T 

0.00000 45.00000 

INCIDENT ANGLE IN DEGREES 



90.00000 



FIG. 9 



CO 

CO 

CO 



C/3 



0.70 
0.60 
0.50 
0.40 
0.30 
0.20 
0.10 
0.00 









"^324 




1 


1 , , , 

0.00000 


— 1 1 1 r 1 

45.00000 90.00000 



INCIDENT ANGLE IN DEGREES 



6/27/05. EAST Version: 2.0.1.4 



U.S. Patent 



Nov. 2, 2004 Sheet 7 of 15 US 6,811,274 B2 



FIG. 10 



z 
O 

CO 
CO 

CO 



CO 
UJ 




T 1 r 

0.00000 45.00000 90.00000 

INCIDENT ANGLE IN DEGREES 



FIG. 11 



g 

CO 
CO 

CO 



CO 
LU 




0.00000 



I - \ 

45.00000 



90.00000 



INCIDENT ANGLE IN DEGREES 



6/27/05, EAST Version: 2.0.1.4 



U.S. Patent 



Nov. 2, 2004 



Sheet 8 of 15 



US 6,811^74 B2 



FIG. 12 



o 

CO 
CO 

CO 



CO 



1.00- 

0.90' 

0.80 

0.70 

0.60 

0.50 

0.40 

0.30 

0.20 

0.10 

0.00 



334 




T r 



0.40000 



0.55000 
WAVELENGTH IN MICRONS 



0.70000 



FIG. 13 



O 

CO 
CO 

CO 



CO 
LU 




338.340 



TRANSMISSION VS WAVELENGTH 



0.40000 ' 0.55000 ^ 0.70000 

WAVELENGTH IN MICRONS 



6/27/05, EAST Version: 2.0.1.4 



U.S. Patent Nov. 2, 2004 sheet 9 of 15 



US 6,811,274 



FIG. 14 

M3 




6/27/05, EAST Version: 2. 0. 1.-4 



U.S. Patent Nov. 2, 2004 sheet 10 of 15 



US 6,811,274 B2 




6/27/05, EAST Version: 2.0.1.4 



U.S. Patent 



Nov. 2, 2004 Sheet 11 of 15 US 6,811,274 B2 



FIG. 17 




6/27/05. EAST Version: 2.0.1.4 



U.S. Patent Nov. 2, 2004 Sheet 12 of 15 US 6,811,274 B2 



FIG. 18 




NOTCH 
AXIS 
274 



6/27/05. EAST Version: 2.0.1.4 



U.S. Patent Nov. 2, 2004 sheet 13 of is US 6,811,274 B2 



FIG. 19 




FIG. 20 




6/27/05, EAST Version: 2.0.1.4 



U.S. Patent Nov. 2, 2004 sheet 14 of 15 US 6,811,274 B2 

FIG. 21 





us 6,8 

1 

POLARIZATION SENSITIVE OPTICAL 
SUBSTRATE 

BACKGROUND OF INVENTION 

This invention relates to optical substrates and, more 
specifically, to thin film coated optical substrates for dis- 
criminating between the polarization states of light trans- 
mitted therethrough. 

In backlight computer displays or other display systems, 
optical films are commonly used to direct light. For 
example, in backlight displays, brightness enhancement 
films use prismatic structures to direct light along a viewing 
axis (i.e., an axis substantially normal to the display). This 
enhances the brightness of the light viewed by a user of the 
display and allows the system to consuime less power in 
creating a desired level of on-axis illumination. Films for 
turning light can also be used in a wide range of other optical 
designs, such as for projection displays, traffic signals, and 
illuminated signs. 

Backlight displays and other systems use layers of films 
stacked and arranged so that the prismatic surfaces thereof 
are perpendicular to one another and are sandwiched 
between other optical films known as dififusers. Diffusers 
have highly irregular surfaces. 

Light turning and diffusion are typically handled with a 3 
or 4 film slack. The stack is comprised of brightness 
enhancing films and diffuscr films. Polarization recycling is 
typically accomplished by using other films in addition to 
the typical stack (sometimes one of the films is replaced by 
this additional element). This additional film may be a 
multilayer birefringent film, a liquid crystal birefringent 
film, a birefringent film with scattering particles or a Mac- 
Nielle type array of polarizing beam splitter prisms formed 
in a film. 

SUMMARY OF INVENTION 

A first embodiment of the invention features a polariza- 
tion sensitive optical substrate which comprises a planar^ 
surface and a first thin film applied to the planar surface. Hie ! 
I first thin filin has a thickness of X/4/, where K is the 
wavelength in air of light incident upon the first thin film and 
n is the refractive index of the first thin film. A first prismatic 
surface, having a prescribed peak angle, a, height, h, length, 
1, and pitch, p, is optionally also coated with a second thin 
film, and is in opposition to the planar surface. Yet further, 
the planar surface may be replaced with a second prismatic 
surface similar to the first prismatic surface. One or both of 
the prismatic surfaces may be randomized in their peak 
angle, a, height, h, length, 1, and pitch, p. 

The second prismatic surface may also have a random or 
non-random peak angle, y, height, g, length, 1, and pitch, q. 
The prismatic surface may also comprise a refractive index 55 
different than that of the substrate. 

A second embodiment of the invention features a back- 
light display device comprising an optical source for gen- 
erating light. A light guide guides the light therealong. A 
reflective device, positioned along the light guide, reflects 60 
the light out of the light guide. The backlight display device 
includes a polarization sensitive optical substrate compris- 
ing a planar surface receptive of light from the light guide 
and a first thin film applied to the planar surface. The first 
' thin filni has a thickness of X/4/, >yhere X is the wavelen^h/ 65 
of light incident upon the first thin film and n is the refractive 
index of the first thin film. A first prismatic surface is in 
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opposition to the planar surface and a sjpacer is positioned 
between the polarization sensitive optical substrate and the 
light guide for preventing contact therebetween. The first 
prismatic surface, having a prescribed peak angle, a, height, 
5 h, length, 1, and pitch, p, is optionally also coated with a 
second thin film, and is in opposition to the planar surface. 
Yet further, the planar surface may be replaced with a second 
prismatic surface similar to the first prismatic surface. One 
or both of the prismatic surfaces may be randomized in their 
peak angle, a, height, h, length, 1, and pitch, p. The second 
prismatic surface may have peak angle, 7, height, g, length, 
1, and pitch, q. 

The invention works by allowing highly obhque light, 
such as that exiting the backlight display device to enter the 
25 polarization sensitive optical substrate at a glancing angle 
(e.g., between 60 and 90 degrees as measured from the 
normal to the average surface or a nominal plane) without an 
intervening diffiiser. The polarization sensitive optical sub- 
strate directs the incident light such that the light exiting 
therefirom is in a direction that is close to the average surface 
normal of the polarization sensitive optical substrate. This 
results in partial polarization of the exiting light. The polar- 
ization effect is enhanced by the use of thin film coatings 
applied to the surfaces of the polarization sensitive optical 
substrate. For example, a single thin fihn of Ya wavelength 
of light in thickness of a high index of refraction material 
such as a metal oxide such as I1O2 may be applied to a 
planar surface of the polarization sensitive optical substrate. 
An additional substrate may be located above the polariza- 
tion sensitive optical substrate to provide diffusion of light. 
This substrate may be a retarder film that is used to rotate the 
plane of polarization of the light exiting the polarization 
sensitive optical substrate such that the li^t is better 
matched to the input polarization axis of an LCD. 
Alternatively, for this purpose the retarder film could be built 
into the lower LCD substrate. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a three dimensional view of a back light display 
device. 

FIG. 2 is a first cross section of a segment of a thin film 
coated polarization sensitive optical substrate including a 
single prismatic surface and showing the path of light 
therethrough. 

FIG, 3 is a second cross section of a segment of a thin film 
coated polarization sensitive optical substrate including a 
single prismatic surface and showing the path of light 
therethrough. 

FIG. 4 is a graphical depiction of the intensity of 
s-polarized and p-polarized light within the polycarbonate 
substrate of FIG. 3, as a function of the angle of incidence, 
61, of a beam of light having a wavelength of about 550 nm 
falling upon an xmcoated planar surface of the substrate and 
wherein the substrate has a refractive index of about 1.59. 

FIG. 5 is a graphical depiction of the intensity of 
s-polarized and p-polarized light within the polycarbonate 
substrate of FIG. 3, as a function of the angle of incidence, 
Oj, of a beam of light having a wavelength of about 550 nm 
fsdling upon an approximately 58 nm thick HOj thin film 
coated planar surface of the substrate and wherein the 
substrate has a refractive index of about 1.59. 

FIG. 6 is a graphical depiction of the intensity of 
s-polarized and p-polarized light that has exited the uncoated 
prismatic surface of FIG. 3, as a function of the angle of 
incidence, 62, of the beam of light within the substrate 
falling upon the prismatic surface, wherein the prismatic 
surface has a refractive index of about 1.59. 
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FIG. 7 is a graphical depiction of the intensity of FIG. 22 is a cross sectional view of a segment of a thin 

s-polarized and p-polarized light that has exited the thin film film coated polarization sensitive optical substrate including 

coated prismatic surface of FIG. 3, as a function of the angle a multi-layered thin film stack. 

of incidence, Q^, of the beam of light within the substrate pjQ 23 is a cross secUonal view of a segment of a thin 
falling upon the prismatic surface, wherem the pnsmaUc 5 film coated polarizaUon sensiUve optical substrate including 

surface has a refractive mdex of about 1.59. opposing prismatic structures or surfaces having the 

FIG. 8 is a graphical depiction of the intensity of j,^^ j^^j^j^ ^ijj, ^^^^ ^ 

s-polanzed and p-polarized light that has exited the thin film ^ ^^^^ jj^^ „j therethrough, 

coated pnsmatic surface of FIG. 3, as a functioQ of the angle ® ore?- 

of incidence, Sj, of the beam of light within the substrate DETAILED DESCRIPTION 
falling upon the prismatic surface, wherein the prismatic 

surface has a refractive index of about 1.65. In FIG. 1 a perspective view of a backlight display 100 
FIG. 9 is a graphical depiction of the intensity of device is shown. The backlight display device 100 corn- 
s-polarized and p-polarized light that has exited the thin film prises an optical source 102 for generating light 116. A light 
coated prismatic surface of FIG. 3, as a fiinction of the angle guide 104 guides the light 116 therealong by total internal 
of incidence, 62, of the beam of light within the substrate reflection (TIR). The light guide 104 contains disruptive 
falling upon the prismatic surface, wherein the prismatic features that cause the light 116 to escape the light guide 
surface has a refractive index of about 1.85. 204 ^ reflective substrate 106 positioned along the lower 
FIG, 10 is a graphical depiction of the intensity of surface of the light guide 104 reflects any light 116 escaping 
s-polarized and p-polarized light that has exited the thin film f^om the lower surface of the light guide 104 back through 
coated prismatic surface of FIG. 3, as a function of the angle ^ j-gj^^ ^^^^ ^^^^^j ^ ^^^^^^ substrate 108. At 
of incidence, 6^, of the beam of Ught withm the substrate ^^^^^ ^^^j substrate 108 is receptive of the light 116 
falling upon the prismatic surface wherein the pnsmaUc .^^ ^^^j ^^j^^^^^^^ 
surface has a refractive mdex of about 2 02 ^^^^ ^^^^^^^ ^ ^^^^^ ^ 
nC. 11 is a graphical depicUon of the intensity of ^^^^^^ . ^^^^^^^ ^ ^^^^^^^ ^^^^^^ Th^ 
s-polarized and p-polanzed light withm the polycarbonate 25 ^ J^^^^^^^ 

substrate of FIG 3, as a ftmcUon of the angle of incidence, P ^ ^J^^^ ^^^^ substantially normal 

9„ of a beam of light havmg a wavelength of about 550 nm ^ . , . ^ ^ , .-^ ^ 

falling upon a multi-layer quarter wave thin film coated o flie optica substrate 10^^ 

stack on Ihe planar surface of the substrate and wherein the ^g^t 116 is then directed to an LCD for display. A chaser 

substrate has a refractive index of about 1.59. ' 30 may be located above the opUcal substrate 108 to 

HG. 12 is a graphical depiction of the intensity of Provide diffusion of Ught. Tliis substrate 114 may be a 

s-polarized and p-polarized light within the polycarbonate ^etarder film that is used to rotate the plane of polanzaUon 

substrate of FIG. 3, as a function of wavelength for a of the light exiting the optical substrate 108 such that the 

constant angle of incidence, Q^'^IO degrees, of a beam of light is better matched to the mput polarization axis of an 
light falUng upon an approximately 58 nm thick TiO^ thin 35 LCD. A half wave retarder, for example, may be used to 

film coated planar surface of the substrate and wherein the rotate the substantiafly linearly polarized light exiting the 

substrate has a refractive index of about 1.59. optical substrate 108; The retarder may be formed by 

FIG. 13 is a graphical depiction of the intensity of stretching a textured or untextured polymer substrate along 

s-polarized and p-polarized light within the polycarbonate one axis thereof in the plane of the substrate. Alternatively, 

substrate of FIG. 3, as a function of wavelength for a a liquid or solid crystal device may be used. Alternatively, 

constant angle of incidence, 61«0 degrees, of a beam of light for this purpose the retarder film 114 could be built into the 

falling upon an approximately 58 nm thick TiOj thin film lower LCD substrate. 

coated planar surface of the substrate and wherein the ^ ^^^^ understood from FIGS. 1 and 21, the backlight 

substrate has a refractive mdex of about 1.59. ^^^^^ ^^^-^^ ^qq ^^^^^^ ^ plurality of optical sub- 

HG. 14 is a third cross section of a segment of a thm fihn ^^^^^^ ^srherein the pluraHty of optical substrates 

coated polarization sensitive optical substrate including two positioned such that the direction of the 

opposing pnsmatic stnicnires or surfaces and showing the ^^^^^^ ^^^^^^ .^^^ positioned at an angle with 

path of hght therethrough. respect to one another, e.g., 90 degrees. 

FIG. 15 IS a se^ent of a pnsmatic structure having a innG.2acrosssectionof a segment of a thin film coated 
no^h tormed tnerem. 50 polarization sensitive optical substrate 200 showing the path 

FIG. 16 IS a first secuonal view of the segment of the ^ ^12, 256, 214 therethrough is depicted. Tlie 

pnsmatic structure of FIG. 15 viewed along the length of the ^12 is incident upon the optical substrate 200 at 

pnsmatic stnicture. ^ ^^j^ ^I^^j^ q degrees and which 

me. 17 is a second sectional view of the^segment of the include Brewster's angle 6^. The polarization sensitive 

prismatic structure of FIG. 15 viewed perpendicular to the ^p^-^^ substrate 200 comprises a planar surface 206 and a 

length of the pnsmatic stnicture. 202 applied to the planar surface 206. The first 

FIG. 18 is a three dimensional view of the optical sub- ("quarter-wave film") 202 has a thickness of 

strate showing the orientation of the notches of FIGS. 15, 16 X/4/n4, where X is the wavelength of the light beam 212 

and 17 with respect to prism axes. incident upon the first thin film 202 and is the refractive . 

FIG. 19 is a cross sectional view of a prism having gq index of the first thin film. As best understood, for a "quarter 

multiple facets. wave stack** the thickness of one or more thin films in a stack 

FIG. 20 is a cross sectional view of a prism having a |is ge^raJ[ly*given 1^ (l+2xj) 

rounded or truncated peak. polarization sensitive optical substrate 200 also includes a 

FIG. 21 is a three dimensional view of optical substrates prismatic surface 204 in opposition to the planar surface 
positioned such that the direction of prismatic surfaces 65 206. The prismatic surface 204 comprises a plurality of 

thereon are positioned at an angle with respect to one prism structures having a peak angle of a, a pitch between 

another. peaks of p, length, 1, and a height of h. The polarization 
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sensitive optical substrate 200 may also include a second 
thin film 216 (only a segment of which is shown) applied to 
the prismatic surface 204. The second thin fihn 216, has a, 
tBickri^ss of X/4/N5, where X is the wa\%Iengttf tif^lKB light 
beam 256 incident upon the second thin film 216 from 
within the polarization sensitive optical substrate 200 and 
is the refractive index of the second thin film 216. The first 
and second thin films 202, 216 may be the same or different 
and may be for example comprised of a metal oxide, such as 
titanium oxide (TiO^. Generally, materials with a refractive 
index, n, between about 1.9 and 3.0 are suitable as thin films 
202, 216. It will be appreciated that the thin films 202, 216 
may comprise multiple thin films (e.g., a "stack") of varying 
thickness and refractive indices positioned one above the 
other. As best understood from FIG. 2, the opposing surfaces 
206, 204 may both be prismatic surfaces. In such a case the 
surface 206 is in the same nature as prismatic surface 204. 
When such is the case, the peak angles, a, of the prisms 204 
may be the same or different, the pitch, p, between peaks 
may be the same or different, the length, 1, may be the same 
or different and the height, b of the peaks may be the same 
or different. Still further the opposing surfaces 206, 204 may 
both be randomized in their peak angles, a, their pitch, p, 
their length, 1, and their height, h. 

Continuing in FIG. 2, a beam of light 212 emanating, for 
example, from a backhght display device, is incident upon 
the first thin film 202 applied to the planar surface 206 at an 
angle of d^. According to well known optical principles, the 
beand of light 212 when passing from a niedium of refractive 
index n^ to a medium of refractive index nj, \yhere Da is 
greater than n^, is deflected so as to follow the path 256 
within the optical substrate 200. The beam of light 256 
within the optical substrate 200 then falls upon the prismatic 
surface 204 at an angle of 82 and again, according to well 
known optical principles, when passing from a medium of 
refractive index Uj to a medium of refractive index Ug, where 
TI2 is greater than n^, is deflected so as to follow the path 214. 

For example, in FIG. 3, where a polycarbonate substrate 
206 with a refractive index of 1.59 and a thin film coating 
216 having a refractive index, n^, of 2.02, and Oj is about 80 
degrees and 62 is about 15,5 degrees, the s-polarization 
transmission is 0.075x0.987x0.507=0.037=3.7%; and the 
p-polarization transmission is 0.925x0.996x0.949=0.87= 
87%. Thus, the light exiting the substrate 200 along path 214 
is predominantly p-polarized light. Most of the s-polarized 
light does not escape the substrate 200 and may be recycled. 
The middle term of the above products reflects the interface 
between , the substrate and the prism structures when they 
have different refractive indices. 

In an alternative embodiment of the substrate 200, FIG. 3 
shows a second cross section of a segment of the thin film 
coated polarization sensitive optical substrate 200 including 
a prismatic surface 204. In FIG, 3, a beam of light 212 
emanating, for example, from a backlight display device, is 
incident upon the planar surface 206 at an angle of 6^. 
According to weU known optical principles, the beam of 
light 212 when passing from a medium of refi-active index 

to a medium of refractive index n 2, where nj is greater 
than n^, is deflected so as to follow the path 256 within the 
optical substrate 200. The beam of light 256 within the 
optical substrate 200 then falls upon the prismatic structure 
204 of the prismatic surface at an angle of 63. The prismatic 
surface 204 has a refractive index of Ug which may be 
different than the refractive index, n^ of the substrate 206. It 
will be understood that n^ may be greater than or less than 
Again, for example,, according to well known optical 
principles, when passing from a medium of refractive index 
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nj to a medium of refractive index n^, where n2 is greater 
■ than Ug, the light is deflected so as to follow the path 218 and 
when passing from a medium of refractive index n^ to a 
medium of refractive index n^, where n^ is greater than n^y 
5 is deflected so as to foUow the path 214, 

In FIG. 4 a graphical depiction of the intensity of 
s-polarized 302 and p-polarized 304 light within the poly- 
carbonate substrate 200 of FIG. 3 is shown, as a function of 
the angle of incidence, 6^, of a beam of light 212 having a 
10 wavelength of about 550 nm falling upon an uncoated planar 
surface 206 of the substrate 200 and wherein the substrate 
200 has a refractive index, n^t of about 1.59. 

In FIG. 5 a graphical depiction of the intensity of 
s-polarized 306 and p-polarized 308 light within the poly- 
carbonate substrate 200 of FIG. 3 is shown, as a function of 
the angle of incidence, 6^, of a beam of light 212 having a 
wavelength of about 550 nm falling upon an approximately 
58 nm quarter wave thick Ti02 thin fihn coated planar 
surface 206 of the substrate 200 and wherein the substrate 
200 has a refractive index, n^, of about 1.59. As can be seen 
in comparing FIGS. 4 and 5, there is a much greater 
sensitivity in transmission for the p-polarized 308 light in 
the substrate 200 when the planar surface 206 is coated 
(FIG. 5) than when the planar surface is uncoated (FIG. 4). 

In addition to the improvement seen in the transmission of 
p-polarized light for a coated planar surface (FIG. 5), there 
is also an improvement in the transmission of p-polarized 
light exiting a coated prismatic surface 204 of the substrate 
200 of FIG. 3. In FIG. 6 a graphical depiction of the intensity 
of s-polarized 310 and p-polarized 312 light that has exited 
an uncoated prismatic surface 204 of FIG. 3, as a function 
of the angle of incidence, 62, of the beam of light 256 within 
the substrate 200 falling upon the uncoated prismatic surface 
204, wherein the prismatic surface 204 has a refractive index 
of about 1.59. 

In FIG. 7 a graphical depiction of the intensity of 
s-polarized 314 and p-polarized 316 light that has exited an 
approximately 58 nm quarter wave thick TiOj thin film 

4Q coated prismatic surface 204 of FIG. 3, is shown as a 
function of the angle of incidence, 62, of the beam of light 
256 within the substrate 200 falling upon the prismatic 
surface 204, wherein the prismatic surface 204 has a refrac- 
tive index, n^, of about 1.59. As can be seen in comparing 

45 FIGS. 6 and 7, there is a much greater sensitivity in 
transmission for the p-polarized 316 light in the substrate 
200 when the prismatic surface 206 is coated (HG. 7) than 
when the prismatic surface 206 is uncoated (FIG. 6). 
The sensitivity in the transmission of p-polarized light 

50 may also be improved by adjusting the refractive index of 
the prismatic surface 204 as seen in FIGS. 8, 9 and 10. In 
FIG. 8 a graphical depiction of the intensity of s-polarized 
318 and p-polarized 320 light that has exited an approxi- 
mately 58 nm quarter wave thick Ti02 thin film coated 

55 prismatic siirface 204 of FIG. 3, is shown as a function of the 
angle of incidence, 62, of the beam of light 256 within the 
substrate 200 falling upon the prismatic surface 204, 
wherein the prismatic surface 204 has a refractive index, n^, 
of about 1.65. 

60 In FIG. 9 a graphical depiction of the intensity of 
s-polarized 322 and p-polarized 324 light that has exited an 
approximately 58 nm quarter wave thick TiO^ thin film 
coated prismatic surface 204 of FIG. 3, as a function of the 
angle of incidence, Oj, of the beam of light 256 within the 

65 substrate 200 falling upon the prismatic surface 204, 
wherein the prismatic surface. 204 has a refractive index, n^, 
of about 1.85. 
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In FIG. 10 a graphical depiction of the intensity of 
s-polarized 326 and p-polarized 328 light that has exited an 
approximately 58 nm quarter wave thick HOj thin film 

coated prismatic surface 204 of FIG. 3, as a function of the 
angle of incidence, 62, of the beam of light 256 within the 
substrate 200 falling upon the prismatic surface 204, 
wherein the prismatic surface 204 has a refractive index, n^, 
of about 2.02. 

Yet further, the sensitivity in the transmission of 
p-polarized light may also be improved by the application of 
a multi-layered thin film stack (FIG. 22) on the planar or 
prismatic surfaces 204, 206. A multi-layered optical thin fibn 
'*stack" comprises a plurality of optical thin films having 
alternatingly relatively high refractive indices interleaved 
with relatively low refractive indices or vise versa wherein 
the layers of the stack have thicknesses of (l+2xk) X/m/n, 
where k and m are integers. In FIG. 11 a graphical depiction 
of the intensity of s-polarized 330 and p-polarized 332 light 
within the polycarbonate substrate 200 of FIG. 3 is shown, 
as a function of the angle of incidence, 6^, of a beam of light 
212 having a wavelength of about 550 nm falling upon a 
three layer quarter wave thin fihn stack 270 (FIG. 22) coated 
onto the planar surface 206 (or prismatic surface 204) of the 
substrate 200 and wherein the substrate 200 has a refractive 
index of about 1.59. The stack of thin films 270 may 
comprise a high-low-high stack such as a 94 nm Si02 thin 
film sandwiched between two 58 nm 1102 thin films, or a 
low-high-low stack such as a 58 nm TiOj thin film sand- 
wiched between two 94 nm SiOs thin films. 

It is also noted that the sensitivity in the transmission of 
p-polarized light may be substantially wavelength indepen- 
dent. In FIG. 12 a graphical depiction of the intensity of 
s-polarized 336 and p-polarized 334 light within the poly- 
carbonate substrate 200 of FIG. 3, as a function of wave- 
length for a constant angle of incidence, 6i«70 degrees, of 
a beam of light 212 falling upon an approximately 58 nm 
quarter wave thick Ti02 thin film coated planar surface 206 
of the substrate 200 and wherein the substrate 200 has a 
refractive index of about 1.59. As can be seen in FIG. 12, 
over the approximate visible spectrum, both, s-polarized 336 
and p-polarized 334 light are nearly constant, and the 
intensity of the p-polarized 334 light is greater than that of 
the s-polarized 336 light. 

In FIG. 13 a graphical depiction of the intensity of the 
s-polarized and p-polarized light within the polycarbonate 
substrate 200 of FIG. 3, as a function of wavelength for a 
constant angle of incidence, O^oH) degrees, of a beam of light 
212 falling upon an approximately 58 nm quarter wave thick 
Ti02 thin fihn coated planar surface 206 of the substrate 200 
and wherein the substrate 200 has a refractive index of about 
1 .59. As can be seen in FIG. 13, over the approximate visible 
spectrum, both s-polarized 336 and p-polarized 334 light are 
nearly constant, and equal due to the zero degree angle of 
incidence. 

In an alternative embodiment of the substrate 200, FIG. 
14 shows a third cross section of a segment of the thin film 
coated polarization sensitive optical substrate 200 having 
two opposing prismatic surfaces 204, 254. The path of the 
light beam 212, 256, 214 passing therethrough is depicted. 
A first prismatic surface 254 comprises a plurality of prism 
structures having a peak angle of y, a pitch between peaks of 
q, length, 1, and a height of g. The first prismatic surface 254 
may be coaled with the first thin fikn 202 and the second 
prismatic surface 204 may also be coated with the second 
thin film 216. The facets of the prism structures of the 
opposing surfaces 204, 254 are such as to subtend an angle 
of p therebetween. The beam of light 212, emanating for 
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example from a backlight display device and having 
parallel, 1^ <d and perpendicular. Is (*), components of 
polarization, is incident upon the first prismatic surface 254 
both at an angle of E with respect to a normal 260 to a plane 

5 258 of the planar surface 206, and at an angle of (^^ with 
respect to a normal 262 to the face of the prism structure 
254. As noted above, according to well known optical 
principles, the beam of light 212 when passing from a 
medium of refractive index nj to a medium of refractive 

10 index Uj, where n2 is greater than n^, is deflected so as to 
follow the path 256, subtending an angle of if 1 with respect 
to the normal 262, within the optical substrate 200. The 
beam of light 256 within the optical substrate 200 then falls 
upon the prismatic surface 204 at an angle of 2 with 

15 respect to a normal 210 thereto. Again, according to well 
known optical principles, when passing from a medium of 
refractive index nj to a naediumpof refractive index n ^ 
where n2 is greater than Ug, the beam of light 256 is deflected 
so as to follow the path 214, subtending an angle of ^2 

20 respect to the normal 210. In a symmetric arrangement, 
ijfri^feifttipd \|^=AJ)^; and'Stfci^ atiid 
Po2 ij). For a substrate 200 having an index of refraction of 
n«1.59, E«80 degrees, (()«78 degrees and p«76 degrees, 
without the thin film coatings on the surfaces 204, 206 of the 

25 substrate 200 the total (two surface) power transmission for 
the s- and p-polarized light was Tp-70% and T^«24%, while 
with thin film TiO^ coatings Tp«99% and T^«2%. 

In FIG. 23, the first and second prismatic surfaces 204, 
254 each may have the same pitch, p, height, h, peak angle, 

30 a, length, 1, and may or may not have their peaks aligned 
with one another along the vertical prism axis 208. The peak 
angle, a, is less than or equal to 80 degrees and more 
preferably less than or equal to 60 degrees. The first pris- 
matic surface 254 may be coated with the first thin film 202 

35 and the second prismatic surface 204 may also be coated 
with the second thin film 216. Abeam of light 212 enters the 
substrate 206 perpendicular to a nominal film plane 278 (or 
the planar surface 258) and at an angle 6^ with respect to the 
prismatic surface 254. According to well known optical 

40 principals the beam 212 thus follows the path 256 within the 
substrate 206 and exits the substrate 206 at an angle of 64 
with respect to the prismatic surface 204 and also perpen- 
dicular to the nominal film plane 278. 

In FIG. 15 a segment of either of the prismatic surfaces 

45 204, 254 is shown. In the prismatic surface 204, 254 a 
segment thereof, or "notch" is shown at 270. The "notch" 
270 is formed by removing a portion of the prismatic surface 
204, 254 at the peak thereof so as to subtend an angle Q. As 
best understood from FIGS. 15, 16 and 17, the notch 270 

50 may be oriented at an angle w with respect. to a horizontal 
axis 264 as viewed along the length of the prismatic surface 
204, 254 in FIG. 16, and may also be oriented at an angle ^ 
with respect to the vertical axis 208 as viewed perpendicular 
to the prismatic surface 204, 254 in FIG. 17. The notch 270 

55 also has a notch axis 274 such that the notch 270 also 
subtends an angle of p with respect to the prism axis 272 
(FIG, 18). The purpose of the cross cut "notch" feature 270 
is to transform tiie polarization state of s-polarized light that 
is reflected from the primary upper working face and the 

60 surface of the notch 270. The notch 270 forms a totally 
internally reflecting structure that is oriented so that light 
that is s-polarized with respect to the prism axis 272 is not 
s-polarized with respect to the notch axis 274. Since this 
light is reflected by the notch 270 and contains both s- and 

65 p-polarization components with respect to the notch 270, the 
notch 270 may be designed to create a phase difference 
between reflected components (e.g., local s- and 
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p-polarizations) such that polarization is transformed with 
respect to the nominal prism axis 272. This will aid polar- 
ization recycling. Additional or alternative polarization con- 
verting or scrambling devices may also be employed. 

In FIGS. 19 and 20, because litUe of the first pass 
p-polarized light is incident near the peak of the prism 
structures 204 it can be seen that the cross sectional geom- 
etry of the prism structures 204 of the prismatic surface may 
be modified to reduce the transmission of s-polarized light. 
In particular, in FIG. 19, the side facets of the prism 204 are 
so as to form one or more compound facets 204fl, 204Z), 
respectively subtending an angle of or k with the base of 
the prism 204c. Furthermore, in FIG. 20 the peak of the 
prism 204 may be rounded with a radius R or truncated to 
a depth, s. 

Embodiments of the optical substrates have been 
described with respect to use in backlight displays or the 
like. The optical substrates, however, can be used in a wide 
variety of other applications as well. Embodiments of the 
substrates can be used in Fresnel lenses, hybrid glass/plastic 
lenses, optical disks, diffuser films, holographic substrates or 
in combination with conventional lenses, prisms or mirrors. 
The optical substrates can also be used in single or multi- 
order reflective, transmissive or partially transmissive, 
devices, whether light absorbing or non-light absorbing; 
prisms, holographic optical elements, or diffraction gratings. 
The substrates can be used in other applications such as 
projection displays, illuminated signs, and trafi&c signals. 

Thus, based upon the foregoing description, a polarization 
sensitive optical substrate has been disclosed which com- 
prises a planar surface and a first thin film applied to the 
planar surface. The first thin fikn has a thickness of X/4/, 
where X is the waveleiigth of light incident upon»the first filjtii. 
and n is the refractive index of the first thin film. Aprismatic 
surface having a prescribed peak angle, a, height, h, length, 
1, and pitch, p, is optionally also thin film coated, and is in 
opposition to the planar surface. Yet further, the planar 
surface may be replaced with a similar prismatic surface, 
and one or both prismatic surfaces may be randomized in 
their peak angle, a, height, h, length, 1 and pitch, p. The 
optical substrate may also include a multi-layer thin film 
stack. 

Any references to first, second, etc. or front and back, 
right and left, top and bottom, upper and lower, and hori- 
zontal and vertical, or any other phrase that relates one 
variable or quantity with respect to another are, unless noted 
otherwise, intended for convenience of description, not to 
limit the present invention or its components to any one 
positional or spatial orientation. All dimensions of the com- 
ponents in the attached Figures can vary with a potential 
design and the intended use of an embodiment without 
departing from the scope of the invention. 

While the invention has been described with reference to 
several embodiments thereof, it will be understood by those 
skilled in the art that various changes may be made and 
equivalents may be substituted for elements thereof without 
departing from the scope of the invention. In addition, many 
modifications may be made to adapt a particular situation or 
material to the teachings of the invention without departing 
from the essential scope thereof. Therefore, it is intended 
that the invention not be limited to the particular embodi- 
ments disclosed as the best mode contemplated for carrying 
out this invention, but that the invention will include all 
embodiments falling within the scope of the appended 
claims. 
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What is claimed is: 

1. A polarization sensitive optical substrate for discrimi- 
nating between states of polarization of light, the optical 
substrate comprising: 

5 a first surface; 

a first optical film applied to the first surface, the first 
optical film having a thickness of (l+2xk) X/m/n^, 
where k and m are integers, k is the wavelength of light 
incident upon the first optical film and n^ is the refrac- 
10 tive index of the first optical film; and 

a second surface positioned in opposition to the first 
surface; 

the optical substrate having a prescribed refractive index. 

2. The polarization sensitive optical substrate as set forth 
15 in claim 1 wherein the first surface comprises a planar 

surface. 

3. The polarization sensitive optical substrate as set forth 
in claim 1 further comprising a second optical film applied 
to the second surface, the second optical film having a 

20 thickness of (l+2xj) X/m/nj, where m and j are integers, X 
is the wavelength of light incident upon the second optical 
film and n^ is the refractive index of the second optical film. 

4. The polarization sensitive optical substrate as set forth 
in claim 1 wherein the second surface comprises a first 

25 prismatic surface having a plurality of prisms, each prism 
having a plurality of facets intersecting at a peak so as to 
subtend a peak angle, a. 

5. The polarization sensitive optical substrate as set forth 
in_ claim 4 v^herein the first surface comprises a second 

30 prismatic surface having a plurality of prisms aligned along 
a second prism axis, each prism having a plurality of facets. 

6. The polarization sensitive optical substrate as set forth 
^ in claim 1 wherein the first optical film comprises a metal 

oxide. 

35 7. The polarization sensitive optical substrate as set forth 
in claim 3 wherein the second optical film comprises a metal 
oxide. 

8. The polarization sensitive optical substrate as set forth 
in claim 5 wherein a facet of the first surface and a facet of 

40 the second surface are positioned so as to subtend a pre- 
scribed angle, p, therebetween. 

9. The polarization sensitive optical substrate as set forth 
in claim 4 wherein the second surface comprises a material 
having a refractive index different than the refractive index 

45 of the optical substrate. 

10. The polarization sensitive optical substrate as set forth 
in claim 4 wherein the first prismatic surface includes a 
recessed notch positioned so as to have a notch axis oriented 
at an angle, p, with respect to the prism axis. 

50 11 . The polarization sensitive optical substrate as set forth 
in claim 10 wherein the recessed notch subtends a notch 
angle, Q. 

12. The polarization sensitive optical substrate as set forth 
in claim 4 wherein the plurality of facets form one or more 

55 compound facets respectively subtending an angle oft] or x 
with the base of the prism. 

13. The polarization sensitive optical substrate as set forth 
in claim 4 wherein the plurality of prisms include a rounded 
peak with a radius R. 

60 14. The polarization sensitive optical substrate as set forth 
in claim 4 wherein the plurality of prisms include a truncated 
peak wherein the truncation has a prescribed depth, s. 

15. The polarization sensitive optical substrate as set forth 
in claim 1 further comprising a third optical film applied to 

65 the first optical film and having a thickness of (l+2xk) 
X/m/n3, where k and m are integers, X is the wavelength of 
light incident upon the first optical film and is the 
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refractive index of the third optical fihn wherein 03 is 

different than n^. 

16. The polarization sensitive optical substrate as set forth 
in claim 1 further comprising a multi-layered optical film 
stack applied to the first and second surfaces including a 
plurality of optical films having altematingly relatively high 
refractive indices interleaved with optical films having rela- 
tively low refractive indices. 

17. A backhght display device comprising: 

an optical source for generating light; 

a light guide for guiding the light therealong; 

a reflective device positioned along the light guide for 

reflecting the light out of the light guide; 
a polarization sensitive optical substrate receptive of the 

Ught from the light guide for discriminating between 

states of polarization of the light, the optical substrate 

comprising: 

a first surface; 

a first optical film applied to the first surface, the first 
optical film having a thickness of (l+2xk) X/m/Uj, 
where k and m are integers, X. is the wavelength of 
light incident upon the first optical film and n^ is the 
refractive index of the first optical film; and 

a second surface positioned in opposition to the first 
surface; 

the optical substrate having a prescribed refractive 
index. 

18. The backlight display device as set forth in claim 17 
wherein the first surface comprises a planar surface. 

19. The backlight display device as set forth in claim 17 
further comprising a second optical film applied to the 
second suirface, the second optical film having a thickness of 
(l+2xj) K/m/n^, where m and j are integers, k is the 
wavelength of light incident upon the second optical film 
and n2 is the refractive index of the second optical film. 

20. The backlight display device as set forth in claim 17 
wherein the second surface comprises a first prismatic 
surface having a plurality of prisms aligned along a prism 
axis, each prism having a plurality of facets. 

21. The backlight display device as set forth in claim 20 
wherein the first surface comprises a second prismatic 
surface having a plurality of prisms aligned along a prism 
axis, each prism having a plurality of facets. 

22. The backlight display device as set forth in claim 17 
wherein the first optical film comprises a metal oxide. 

23. The backlight display device as set forth in claim 19 
wherein the second optical film comprises a metal oxide. 

. 24. The backlight display device as set forth in claim 21 
wherein a facet of the first surface and a facet of the second 
surface are positioned so as to subtend a prescribed angle, p, 
therebetween, 

25. The backlight display device as set forth in claim 20 
wherein the second surface comprises a material having 
refractive index different than the refractive index of the 
optical substrate. 

26. The backUght display device as set forth in claim 20 
wherein the first prismatic surface includes a recessed notch 
positioned so as to have a notch axis oriented at an angle, p, 
with respect to the prism axis. 

27. The backlight display device as set forth in claim 26 
wherein the recessed notch subtends a notch angle, Q. 
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28. The backlight display device as set forth in claim 20 
wherein the plurality of facets form one or more compound 
facets respectively subtending an angle of or K with the 
base of the prism. 
5 29. The backlight display device as set forth in claim 20 
wherein the plur Jity of prisms include a rounded peak with 
a radius R. 

30. The backlight display device as set forth in claim 20 
wherein the plurality of prisms include a truncated peak 
wherein the truncation has a prescribed depth, s. 

31. The backhght display device as set forth in claim 17 
further comprising a third optical film applied to the first 
optical film and having a thickness of (l+2xk) K/m/n^, 
where k and m are integers, X is the wavelength of light 
incident upon the first optical fikn and is the refiractive 

1^ index of the third optical film wherein 113 is different than n^. 

32. The backlight display device as set forth in claim 17 
further comprising a multi-layered optical film stack applied 
to the first and second surfaces including a plurality of 
optical films having altematingly relatively high refiractive 

20 indices interleaved with optical films having relatively low 
refiractive indices. 

33. The backlight display device as set forth in claim 1 
wherein the first optical film is approximately 58 nm thick. 

34. The backlight display device as set forth in claim 5 
25 wherein the first prismatic surface 204 and the second 

prismatic surface have the same pitch, p, height, h, peak 
angle, a, length, 1, and the peaks thereof are aligned along 
the same axis. 

35. The backlight display device as set forth in claim 7 
30 wherein the metal oxide is titanium oxide. 

36. The backlight display device as set forth in claim 17 
wherein the first optical film is approximately 58 nm thick. 

37. The backlight display device as set forth in claim 23 
wherein the metal oxide is titanium oxide. 

35 38. The backlight display device as set forth in claim 1 
wherein m equals four. 

39. The backlight display device as set forth in claim 3 
wherein m equals four. 

40. The backlight display device as set forth in claim 15 
40 wherein m equals four. 

41. The backlight display device as set forth in claim 17 
wherein m equals four. 

42. The backlight display device as set forth in claim 19 
wherein m equals four. 

45 43. The backlight display device as set forth in claim 31 
wherein m equals four. 

44. The backlight display device as set forth in claim 4 
wherein a is less than or equal to 80 degrees. 

45. The backlight display device as set forth in claim 17 
50 fiirther comprising a diffuser receptive of the light from the 

optical substrate for diffusing the light. 

46. The backhght display device as set forth in claim 45 
wherein the diffuser comprises a retarder film for rotate the 
plane of polarization of the light exiting the optical substrate 

55 so as to match the input polarization axis of an liquid crystal 
display. 

47. The backlight display device as set forth in claim 46 
wherein the diffuser comprises a textured or untextured 
polymer substrate stretdied along one axis thereof in a plane 

go of the substrate. 

♦ ♦ ♦ * ♦ 



6/27/05, EAST Version: 2. O.I. 4 



